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An Investigation was made 
asd control  characteristics  of 

of t he  lapsped 
a l-sca~e m o d e l  

4 

longitudinal  stability 
of a prel- 

* - B e l l  X+ airplane design with varlous lead-dge-slat and trailiw 

- maximum lift  coefficient  without ale;ts or  flaps  increase  increasing 

cage flap azcaurgements. The model exhibited a marked increue in sta- 
bili- with increasing  sweep angle at 1- lift coefficients. The trimmed . .  

meep angle. .The 
by the  slats or flaps  decreased 
became  approximately  zero at 
of increase of d r a g  
greater than that 

i 
INTRODUCI'ION 

'. 
\. 

1. 
An investigation  of the stability and cmtrol charadmris'  ics at 

low speed of a 1-scale model of a preliminary B e l l  X-3 a m  e desiga 

has  been  conducted in the Langley 300 PlIPH 7- by l M w t  tunnel. The 
X+ .a i rp lane is  a proposed resemch airplane  incorporating wings for. 
which sweepback angle can  be Taxied continuously  between 20° and 60°. 
Provieinn  for  longitudinal  translation of the wlng with respect to.the 
fuselage  is also made. 
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The present paper cmtains  the results of the longitudinal sta- 
b i l i t y  and control  testa of the model at  four sweep angles and with 
various le-dge- slat and trai1lng"edge flap arrangements. A 
limited analysis of the results is presented in the presant paper. 

The sg-stam of axes q l o y e d ,  together with an indication of the 
positive  forces, maments, and angles, i s  presented in figme 1. The 
-bola used In t h i s  paper me define& as follows: 

CD, = -Ox at CL = 0 

cm 
x 
Y 

Z 

L 

M 

N 

Q 

S 

pitching.mamsnt coeff icien% (M/qm50) 

rolling mqent about X ~ S ,  foobgounde 

pitching moment about Y - a x i s ,  footspounds 

m- mnmFlllt &Out M S ,  f OOtj?OUl ldE 

- 

free-stream dynamic pressure, pounae per square 
foot (pv2/2) 

w3n.g area, squaxe feet  

wing mem aerodyaamic ch&d based an wing plan form 
shown in figure 2, feet  

wing mean aerodynamic chord at 50° sweep, feet  

wlng span, feet  

free-atream  velocity, feet per second 
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P ~ E B  density of air, slugs per cubic  foot 

a angle of attack of thruat line, dewees 
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The jet-engine  ducting .was sbmlated an the model by t h e  use of an 
open, atraight tube having an inside diameter equal t o  that of t h e  j e t  
exit and edendFn@: f'romthe nose to   the   Je t   ex i t .  

n 

Test s 

The tests were cmducted in  the -gley 300 MPH 7- by lCkfoot 
: tunnel at a aynamfc pressure of 34.15 pounds per square f o o t  which 

correspmds t o  a h c h  number .of 0.152 and a Reynolds nuzdber of 2,000,000 
based on the mean aerodynamic chord. of the win@; a t  50' sweep f o r  average .. 
test conaitians. 

During the  tes ts ,  no control was imposed on the flow quantity 
throUep the j e t  duct-. It is probable, therefore, that the inlet   velocity 
r a t i o  had values scrmewhat- lees  than 1.0. 

Corrections 

The augle-of"btack, drag, and pit-chin-nt resul ts  have  been 
corrected f o r  Jet-boundary effects computed an the  basis of unswept wings' 
by the methods of reference 1. Independent calculat ims have sham that 
the  effects of sweep on the above corrections are negligible. All cod- 
f ic ien ts  have been corrected f o r  block- by the model and i ts  wake by 8 
the method of. reference 2. - 

Correctians for the t m e  forces and mments produced by the support 
s t ru t  have not been applied. It i B  probable,  hwever, that the simifi- 
C a t  %,me correctims would be limited t o  m d l  incremente i n  pitching 
mament and drag. 

RESULTS AND DISCXJkSION 

The aerodynamic coefficients  presented  herein  are based on the wing 
area of the sweep ccmfi@mtion in  question and an the mag aerodynamic 
chord o f . t h e  wing at 500 sweep. B~B, t h e   l i f t  and 1ongitudinal"force 
coefficients are of the usual form; whereas the p i t c h w n t  cod- 
f ic ients  are  based' an a reference length mbich is fixed in the i h e l a g e  
and i s  independent of the wing sweep angle. 

I 
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Basic bgitudfnal Characteristics 

5 

Results of the  pitch  tests  of the  model in the clean  ccmfigUk.ation 
at four  sweep angles m e  presented Fn figure 5. At 20° sweep, the lift 
and pitch-nt characteristicg.  were  esslantially linear below the 
stall, especially with ,the  horizontal tail remwed. As t h e  sweep angle 
was increased (and the aqec% ratio reduced) the  nonlinearities in the 
lift and pitchinw-t  characteristics usually associated with hi& 
sweep and low aspect  ratio  were  observed. At all sweep angles greater 
than 209, the relationship between meep an@e and aspect  ratio was such 
that a tendency t m d  longitudinal atability at.high lift  coefficients 
would be anticipated from the cansiderations  of  reference 3. This trend 
was appazmt at lift coefficients  above 0.6. A s  the stalled, 

ezigles, apparently caused by a loss of downwash at the tail. 

>.  

I 
' however,  the  *ail  contributed a strang stabilizing moment  at alJ- sweep 

At  lift  coefficients new zero, the model exhibited a -ked . 
increase in stability w i t h  increasing  sweep. !&e aerodynamic center of 
t he  winefuselage canbination mwed from O.2SZ5o or 0.2E at 20° sweep 
to 0.36E50 or 0.3k at 600 sweep. The theoreticd cdcuatione of 

' I reference 4 indicate an aerodynamic-center  movement  of lees than 0 . m  
for the wings alone. Thus, a strong -fieelage interference  effect 
is indicated. 

. The tail-off maximum lift coefficient increa8ed with increasing 
sweep angle, vmying from 0,85 at 20° sweep to 1.11 at. 600 sweep 
m e  trimmed maximum lift coefficient can tje apiraxiaated by extxapw 
latfng  the values for  the various stabilizer settings to zero 

pitching moment assuming that a sufficient range of stabilizer &le 
i s  available.  The  values of trimmed C thus  obtained  varied 

*am 0.86 at 20° sweep to 1.01 at 60° sweep. 

cLinax 

%lax 

The longitudinal-force  results  of  figure 5 Indicate that the mini- 
mum drag coefficient  of  the model wa8 relatively independent of  sweep 
angle.  The drag  rise with lift  coefficient,  however,  was'cansiderably 
greater at the  hi& meep angles than  the  induced drag calculated by 
the usual. lifting-line  equaticm for  zero sweep end indicated by the 
dashed  curves. Thus, the  profile drag at  high  sweep angles increased. 
appreciably  w5th lift coefficient even at low lift coefficients. 

Ctmzacteristice'  of  the model with the WFngs removed w e  presented 
in figure 6. The coefficients  were computed, using the wing area at 
60° sweep. For comphxism w i t h  data at other sweep angles, the coef- 
ficient  values should be multiplied by  the r'atio of wing areas. 
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LeadinpEdge Slats 

'Figures 7 t o  10 i l lustrate  the effect of the l e a d w d g e   e l a t  con- 
. , figurations  tested at--each sweep angle. Sla t  posi t im A was selected 

from slat data on unswept wings t o  give the opt irmlm increment3.n L' 

t 

Slat positioli B ,represents a cmnpromise canfigwatfon intended t o  s w  
plify the structural problam of slat insta3lation. Details of the two 
slat configurations m e  &own in  figure 4. 

A t  20° sweep, slat A produced an increment in usef'ul of 
about 0.50 while slat' B caused an increment of about 0.32. The bcre- 
mente in produced the slats were essentially wachanged'by 
flap  deflectian. As the sweep angle was increased,  the  effectiveness 
of the slats in increasing & decreased rapidly, ahow- essentially 

no effectiveness a t  60° sweep. It is of interest t o  note, however, that 
a t  large sweep angles slats could produce a drag  reduction at moderate 
and high lift-coefficients  indicating  their  possible use for drag reduc- 
tlon in amelerated maneu-vers. 

A t  all sweep angles, . the s la t s  produced a small decrease in  longi- 
tudinal  stabil i ty over most of the  lift-coefficlent range. A t  600 sweep 
the s la t s  served t o  decrease the vmiation of longitudinal  etability 
with lift coefficiant . 

Figurea 11 and 12 present  the  results of s tabi l izer .   tes ts  a t  20' 
and 60° m e p  with slat, A. The tests of figure l2(b  1 were made .Kith 
only the outboard half of the slat e x t - d e d  t o  position A. The outboard 
slat was effective in eliminating the trend toward Fnstability a t  high 
lfft coefficient8 but it also fncreased  the p i t c h i n m n t  coefficient 
required from the t a i l  t o  trim at hi& lift coefficiente. 

Trailin&Edge Flaps 

The c&acteriatice of. the  three  different,  flap  configurations . 
s h o w  b~ figure 4 were determfned at 20' sweep. Flap A was a do t t ed  
flap whereas flaps B and C were s p l i t .  flaps. Fiap 13 was so located that 
i ts  inbomd end was coincident with the *fuselage intersection at 
600 sweep. Flap C was identical with f lap B except that the inboard end 
was extended t o  intersect-the fuselage a t  20° sweep. 

The lmgitudinal  chmacterlstice at 200 sweep presented i n  figure 13 ' 

for various  deflectipns of f lap B 3ndicate that only emall changes 
in & were  produced by varying the  flap  deflection between 40° 
and 600. A deflection of 500 was chosen f o r  t h e  remainder of t h e  f lap 
tes t8  

c 
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m e  longi tudm  character is t ics  at 20° sweep wrth the t h r e e  f l a p  
configurations we given in figure 14 for the d a t e  extended to posi- 
tlan A. F l a p  A and B were about equally effective in increasing the 
trimned k; whereas f+p C with its greater  mea, produced a 

correspondingly larger increment in h. Cnmpt i r i sool  witlr. the data 
of figure ll indicates  that each flap produced a maXL increase in &a- 
biliw a t  moderate lift coefficients wl= flap A and B ramaining stable 
throu& the stall. With f lap C, however, sane instabili- at t he  s t a l l  
i e  evident. With the  horizantal tail off, each f l a p  produced a n o s e  
d m  incramnt in pitching.lmrment coefficient, the nmR17est increment 
being poduced by f lap B. When t h e  horizontal tail WRE added, flap B- . . 
sti l l  showed a smaller nos&am trim change than f lap  A, but the large 
dowPwash behind flap C r e d t e d  in a noee-up trim change. The f l a p  
characteriatice at 20O sweep w i t h  =e 8- t~  retracted aze presented W' 
figure 15. 

The cha,racteris€ics of the model at 30° and 60° sweep w i t h  f l a p  B 
are presented in figures x6 and 17, respectivelg.  Cargarisan  with 
figures 5 (c ) and 5( a) indica€es that t h e  increase in trFmmed 

caused by f h p  deflection was verg  ana^ a t  50' sweep  am^ was essentially 
zero aC 600 sweep. A t  lift coeffioients less than the maxtmum, flap 
deflection reduced the asgle of attack  required for a given 1 W t  coef- 
f icient but comparison of the drag reeults shm thak thie reduction in . 
angle of attack waa not enough t o  produce any appreciable drag reduotian. 

me eflect of elevator deflection on the characteristics of t h e  
model at 20° and 60° sweep is  shown in figure 18. ' A t  bo th  sweep a & e e  
the  variatian of pitchlng.mamant coefficient w i t h  elevator deflectias 
was emooth although not qufte lfnear. A t  20' mep,  the  elevator power 
was sufficient for trim over the  Iift-coefficient range obtained even 
for a center-of-avity location  cansiderably ramoved frm that used in 
the t e s t s .  A t  60° sweep, the  stabil i ty of the model w&8 such that the 
elevator power was not  quite  adeqwte t o  t r im at with the eta- 

bil izer  Incidence  used. 

Cmpazison of f i v e s  5 and 18 shows same a m a l l  discrepanciea 
between the t w o  sets of data at zero elevator  deflection, the discre- 
pancies  occurring mainly at  high lift coefficienh. The bxLrmed mascFmum I 

lift coefficients measured for 20' sweep *am figurea 5 ana 18 -fer br 
about 0.06. This difference may be contributed to, In a anall dsgcee, by 
the change in tail  center-ofqressure  location wfbn using the elevator 
rather t&n the  stabilizer a trb device. 
the  discrepancies noted, however, is believed 
curacies in  sett ing  the slat i n  its retracted 
changes in the wing leadinwdge contour. - The major Eontribution to 

to arise f r a m  mmU. hac-  
position, thus producing 
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CONCLUSIONS 
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An investigation at low speed of the  longitudinal  stability and 
cmtrol of a &-scale m o d e l  of a preliminary X+ airplane  desi* 

indicates the following conclusions: 
4 

1. The aerodpamlc center of the win@pfuselage combination at low 
lift  coefficients mwed from O . 2 E  at 20' sweep to O.*Z at 60' sweep. 
This  movemsnt  is  considerably  greater than that predicted by potential 
theorg  indicating  the  possibility  of- a strong winefuselage interference 
effect . 

2. The trimmed maximum lift  coefficient wfthout Kiat8 or flaps 
increased  with  increasing sweep m e .  

3. At large sweep angles, the  rate of increase of drag coefficient 
with lift; coefpicient was considerably  greater  than  that  predicted by 
the  lifting-line induced4rag equation. 

4.  he increaseB in trimmed m ~ u c f m ~ m  lift  coefficient  produced by 
leadinpage slats or  trailin-ge flaps decreased  rapidly wlth 
increaeing  sweep angh and became appro"teu zero at .60° sweep. 

Langley Aeronautical  Laboratory 
Natianal  Advisory Camittee for Aeronautics 

L8ngl.e-y Air Force Base, Va. 
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Rehtive wind 
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Figure 1.- System of axes and control-surface  deflections.  .Positive 
value6 of  forces, momenta, and angles are indicated by arrows. 
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Figure 2.- Concluded. 
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(b) S l a t  extended; flap C; A = 20". 
Figure 3 . -  Views  of t e s t  model mounted in tunnel. - 
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Secfion A-A 

0 t 

Slcf A S/af €7 

Figure 4. - Details of flaps and slats. 
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Lifi coeffickntJCL . . 

(a) .A = 20'. 

Figure 5.- The effect of t a i l  incidence on the aerodynamic ~Plaracteristics 
of the test model. Slate retracted; 6f = 0. 
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(b) A = 35'. 
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I Figure 5.- Continued. c 
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(b) Concluded. 

Figure 5. - Continued. 
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( c ) .  A = 50'. 
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Lift coefficient G, 

(a) A = 60’. 
Figure 5 .  - Continued. 
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(a) Concluded. 

F i ’ w e  5. - Concluded. 
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Figure 6.- T h e  effect of C a f l  incidence on the aerodynamic characterietice 
af the t e s t  model with wings removed. 
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(b) 6f = 50; flap B. 

Figure 7.- Concluded. 
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Figure 8.- The effect of slat poaition on the aerodynamic  characterietice 

of the t e a t  model. A = 350; it = 3 O  . I 
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- 
Figure 9.- The effect of slat positton on the aerodynamic characteristics 

of the test model. A = 50'; it - -T; 3 O  j 6f = 0. 



Figure 9. - Concluded. 
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. Lift coefficient GL 
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Ffgure 10.- The effect of  slat  position on the aerodynamic characteristics, 
of the  test  model. A = 60'; horizontal   tai l  off;  6f = 0. ' 
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-6 -+ 7.2 0 .2 4 . .6 .8 d 0  12 1.4 /6 
Liff coefficienf, 

'e 11. - The effect of tail incidence on the aerodynamic charac 
of  the   t es t  model. A = 20°, slat position A; €if'= 0. 
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Figure 

(a) Slat  position A. 

12.- The effect of t a i l  incfdence on the aerodynamic 
of the t e s t  model. A = 63'; sf = 0. 
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-iQ :2 0 .2 A .6 .8 1.0 A2 

(a) Concluded. 

Figure 12. - Continued. 
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Liff coeficienf, Cr 
, .  

(b) Outboard half of slat at poeition A. 

Figure 12.- Continued. 
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(b) Concluded. 

Figure 12. - Concluded. 
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. w e  13 . -  The effect of flap deflection on the aerodynamic 
characteristics of the  tes t   mael .  A = 20'; e la t  position 
horizontal t a i l  off;  f lap B. 
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. (a) Flap A. 

Ffgure 14,- The effect of-tail incidence on the aerodynamic 
characterietics of the test model. A = 20'; slaf, position A; 
6p = 500. 
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(b) Flap B . 
Figure 14.- Continued. 
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( c )  Flap C. 

Ffgure 14.- Concluded. 
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20 

0 

-4 

0 .2 # .6 .8 1.0 1.2 1.4 
Lift weffickniaG 

. : . x  . 

Figure 15. - 
Y 0 

The 
If t h  

(a) Flap A. 

effect of t a i l  incidence on the aeroayaamic 
R t e s t  model. A = 20'; slats retracted; 6f 
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charLcter~stics 
= 50°. I 
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(b) Flap B. 

Figure 15.- Continued. 



(c) Flsp c.  

Figure 15. - Concluded. 
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4 

Figure 1.6.- The effect of tail incidence on the aerodynamic characteristics 
of  the t e s t  model. A = 50'; slats retracted; f lap B; 6f = 50'. 



U C A  RM ~ 9 ~ 0 8  

Figure 16. - Concluded; 
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Figure 17. - The effect - o f  tail incidence on the' aerodynamic 
of the test model. A = 60'; slats retracted; flap B; 

I 

characteristics 
6f = 50°. 
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Liff d f ic ienf ,  GL 

Figure 17. - Concluded. 
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. (a) - A  = 200; it = -2 . 0 

" 

Figure 18.- The effect  ofelevator  deflection on the aerodynamic 
characteristics of the t e a t  model. Slats retracted; 6f ,= 0. 
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(b). A '  = 60'; e -5'. 

Figure 18. - Continued. 
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(b) Continued. 

Figure 18. - Continued. 
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Liff cMficient, C, 
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(b) Concluded. 

Figure 18. - Concluded. 
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